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(57) 

men s i jvh-#— fcLxfturr-sc fcc**** 

U 70Wiatatffie7*n^-fl[>l[fl:K:J:*«Ftt#ffc 

DSfli^fS] CaAsStlXttCOGaAslSJ; 
icMFfcLfcWI-iDG a A s iVf * + ;bT«l 7 fc, 
coSlgi X«T«l7tcffMLfc1tz:©;K«£e>tc£ 
iOG a A s3-¥$^^)i<m31kXSAttmTZ>¥mW 

mwv&-?r. sis 1 5u±Tmm7<Dmmc&i±^-z, s 





(2) 



mm 2 0 0 1 - 1 8 9 2 7 8 



fliosffitc#?i-r«. s i sfct±s i ft^-ift*, i^j^c 

StffiXti c ©S«±K JBlfi Lit— oU±<D{t^m^ a 

KoaBciWEr* s i s^as ift^tt*, 

* '/I'zkK «t -a TUSlWtc^rSttfk 

fro, i!OaiOMXtf5 0 p p mJiTFT'i&a 

p pmi'P) 3 0 p pmOlgHT'feSC fc^itfct?., 20 

ssaRim 1 tiaK^sfiffijaa^^o 

±©fk^#*£^IS©S?®SC? ! ?GE-r& S i ^0= S i ft£ 
SBsR^K II*lM2SO : aB*3l3K«O^EaiIl 

^jifc«fcorjaaLfc«t, #©{kS*J&*gsi»*flM 

Stt{fcSftT£KHft*+yir©**tfS:<, fro, £ 

imiotmzmmi 

[0 0 0 1] 

Xii c Og«±tcff?j3; L ft— r?W±<D{t^ft#*£a«l<E> 
glffilc, MOC VDffiXteffiOxlf^^A'/Sg^ 

no3EEK#£E-rs s iRo's i fk^tcj:s*+ur 

[0 0 0 2] 

[S£3t£©Kftj] fi£*, MESFET (Metal Semiconduc 
tor Field Effect Transistor ) ^HEMT (High Ele 
ctron Mobility Transistor ) & HO^ftSSfCfcl^ 
Tfi, fifttLT, iilfG a A) MA s 

(OJR) ^r^tyG a A s £©{fc£1ft¥*ffoW£ 
<ffll^6ftTt^.5o so 



[0 0 0 3] -fic, £(Di:-5&{t^¥*i*fre»&-g> 

fc, ^6«i*tlTV^„ ±!Ei£$£ill!£fi, MOCVD 
(Metal Organic Chemical Vapor Deposition ) 
©X tf 9 * ->-Wlw£S?£lC <fc o TfF G, ft, C £D7^£T*vT= 

e> ft/c^snfli-^x t? * * -> + nm 1 1, ^ „ 

[0 0 0 4] ±50iLfc«fc-5&¥?»<*^g£fc^TJ±, il 
S)Sfixtf^ + ->+;W10Wffi{c, S i (y'J^y) & 

t/s i ft^A^ffi-rso s iMs i {t#^^ffi-r 

attSWcfcl^Ttt, S i tfh'i— tLTf^ffl-TSC fc 
6, S i CJ:4*t'J7iOS»*IB±t4fe»C. xt? 

[0 0 0 5] COcfca^SSSftaTiffiPOSEJaJlTT- 
ritLXit. fif*, ffi|^{±"^OJ;9^:4OC07f}4A' ! fe 
•So flcf, Sl-c07ii*t±, SSSfttiZ^AU^ffl^ft^ 

wtEtzs ixtts i {kft**nn£-r**ffi-p*« (X 

irjournal of Crystal Grow 
t hj 9 1 (1988), pp632-6 38 H. K 
a n b e r e t a 1 . *JS) o £fc m-<Dft&t 
LTfi, W5 - 1 7 5 15 O^IStC^^ftT^ 
5 «fc 5 E , m □ ^ >56 t >f= > jfftUl 

(o^mt, nmw- 9-320957 ^«&i/Aic r j 

ournal of Crystal Growth] 
133 (199 3). p p 1 2 3- 1 3 1 S. Izu 
m i fcK«£ftT^SJ:5(c, UV 

t^CtlcJ;*), S i RT>*S i fMMfcfc&jettSEffclSlfc 
L, cfte.A^Stc^tJi&SftftiibTt.WmWt'PS 

LfcStftafctt), WffitcIRO^Sft/cS iMS Mk^- 

¥ 1 0- 1 2 5 5 3 ^$fi#Sg) 0 
[0 0 0 6] 



(3) 
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W<Dmii£$l£hRtfm&*<D S i »*^<0lff5a4OBgHA' 
[0 0 0 7] ^-(O^ST'fi, jffXxv^-V^iMWiflD 

S ft s x tr * * -> + ;Wi <o iis * 7 * n S?- tfg f t L T 

[0 0 0 8] jB=©#S;-£?U:, «B4*/g7Wttt 

±»c#SE-r am** u v ^.tti^wftstTass^ 

■Sfcifc, *V>«&AVg<, S i&tfS i ft^-Bl 

^ffiTS SiSI/Si ftSWAWtStilt^fclr^fcllll 

x tf £ * -> -v ;U/i<7)3iffi^ 7 * n ->'-#£{fc LTLS 
[0 0 0 9] sec, sra<o^rffiT*tt, s-©?5fffii:isi 

[ooio] ±k©j:3k:. fiaESS-eav^titWtt 
©^ffifc^a-rs s i &tf s i ftg*Ds i #k-*-- t 

L T T 5 c h {c £ a ^ U 7 P£±T £ c t 
T- # 5 i: « (c, Sffit 7 *□->*- tfjUkf * c t & < , 



fit, *>J:tfc:OSffi«lS?3ffi*<£fflbT, +tU7Il 
MSit?* a -jy'-cDIUttcfc S^tt^ffc^&l/ 

[0 0 1 1 ] 

to 2t£ jgfflXti C <DS«±fc JBfiE L fc— 3W±©f t^«S* 

«ssosffitc#?£-r5 s i &r>'s i ft^**, she* 

[0 0 1 2] C<DSE£U17^£{±, ft^to^W 

20 fcteS i fk^*, $$7K^{c*v r V^iSSitt.fc^5ZU. 

[ooi 3] £>c, coaffisafiTT"?*^, *v>7k*<r> 

*Vyi&m%0. 1 p pm7b^3 0 p pm(Cl9:^-rac 

[oo i 4] ^fgB^o^jf^Ma, fk-&^^ 

«BlLfc»(C, ^co{k^**£ B B B |i*fe/SL/cC fc^r^f 
[0 0 15] *5EWOft^«j^*»S«Xt4¥ 

0 p p mJXggfeS C t*W&t?% 0 
[0 0 l 6] ^^OSMjaa^Slc^nti", Sffi£/c 
40 & C £DS«±tcfl5fi)t Lfc— oJ-XiOfk^^HSlO^ 

fflic^^Tum^tc^sttTss i SEfkwcsft-r-So c 

titcj;'?. St5txkf^^~>-v;l/^c0Wffi. Sfcfixtf 
^^>' J t'7U«i:xk p ^^i/^7bJlcOl , ?®{c*5^5^+ U 
7 o^M%|57j±-r 5 c i: A^T' § s 0 

[ooi 7] c©*ffi«raKrajcj:ntf. 

•7*a^-^fkS-i±5ci:7b^<, &W9im&<0&& 



(4) 



^200 1-18 92 7 8 



[0 0 18] Sfc, C05^-y>7KO^y">jI/t^O. 1 

[0019] ^mav^mfagiwii. sist/si 

[0 0 2 0] ?c,t, *5gB^t0{b^^jSt*S*X«¥ 
S iMS ilt^Wifk?tl«Ctft 

fro, lltDAj; X tf5_0ppmOTT-S^ ^ -v 'J Z 

t/V 

[00 2 1] 

Bat »wr « o * 9m k «t a -mmm t *> o 1 r t± , 

LT, GaAs*#ttfr5flS47> 

5« G a A s {t&1fc©:ce**S/*;Wl*rt**-tl;fcT 

[0 0 2 2] ±IHS«±K, MOCVDS^fcxt! 
^*-> + MStJ:-5T, 4U£Am-?«£, C a A sit 

[0023] c *v>'**x!£ieffi*+{c 

0. 1 p pm*^ 3 0 p pmOOiligOlGBCDl/^ftfrtf} 
[0 0 2 4] ±KS*Sfc«THMKoaBBH:, CO*'/ 

^FStt #x (c «t * / □ - h v ate «t r> x ft*-r 5 „ 

[0 0 2 5] o^ic, ±KSffi«lJI©»7Ufcgfi*M 

ocvDgicgau -ox(i^etc^m<o^ B B H si 

[0 0 2 6] O^tc. , 

o tsf«ao* , />*sisaffiKfl«ersi: t 

#T-£3 0 £7c, st-V^KA^S^SffiO^^HgRtcfe 
titiO, S i K:7— tLTfPffl-rSCfiJcfeS^.v 

*3o 
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[0 0 2 7] £&tc, COT^ffiti, ISXficoi«± 
*'XtCJ;§/n— K^f atcfcoTftigU MOCVD 

m-?z>rctb^ m&<D£?%s \ z>tab<D 

[0 0 2 8] C05*/>7KO*/>SSA^ 
0. 1 p pmA^ 3 0 p pmOrl^iEHlCfeai;, fc-^ 

wsl^o -rab-5, *y>7K*o*v/>«fi*<o. i 

ppm«fli, * 4 />©*{kf*ffl*«a<. S i&tfS 
Igtf3 0 p pm%Mz.&£, S#L.fti%V^'/^M 

[ 0 0 2 9 ] ortc, *«W<0W*5i 4 Rifrnxm 5 (C 
«*^i»«:tBIH<OS*E«B<Ofl&ag*ia 1 (a) Rtf (b) fc 

sm«tcisi-xtiWjc-rsa5«tci3i,'>TfiiBi- 
w^%ffl^TBiwr%. mi (a) a, ftsw^wftas 
fio*i5tcfi:^«s*ies)Sixt± s e> »c ^a©#isaigi* 

T***o 1 «¥*t*7> h'-7¥fflM£G a A s 3«T? 
30 *0, ZttCOCaAsHSlOSiWaMtiSM 
#JS 1 , tit jRH 2 St>'Ii*JS 3 Ett<OSEiBJflS^ffiT?«l 

(4, *V>*CJ:oT«ftStifc, S iRrfS i fk^H 

S iRffS i (k^*tfK^— fcLTf^ffl-rsefctctS 

ffiJari77ar'S!iiib Turcot*, ^35^7 * □->*— 

fcLt*&f, iii^G a A sIS 1 i: lRl^£D¥ffiS«r« 

fc^gg g 3 (j:^ a B B -tt jb^a <■> ¥«S)H 3 <D^-v'J 
i»fiaif©«aWWtt^Sft:-rac;i:^au'' 0 3:7c, pa 

aft<'>a^»tE*ffiK x tr * * -> * ;nss l tcm&ikm 
M3o«ffit¥ffifi«yt<: , ? & c ^tiox tr ^ ^ -> -v 

[0030] LfcA^oT, s«*ffi**awo*v>7k 



-t LTmS^S C tic J:l,MWW+ 'J TCDWmtf 
CO 0 3 1 ] H 1 (b) tt, fk#i*#»«c*fiSffitcJB 

5*3iw<o*a»f*sii«)«iifi*iciaT-ft«. i 

7>K-/*JMIttGaAsSfi-e*t). 7IJCaAs 
S«c 1 ©Sffi(cff$fi£ Lfc^lgaKT* 9 , GaAsft^ 

«l 7 **««C J:SM*« 1 Rlfmxm 2 «BtSc<D3lcB 

ittHJf 2K&, a|-y>7jcf!:«J:oTgEft*nfc, S iM 
S i fkdW5*^ffiLTl^«*««StWK:^r£1tftttieT* 
SSfefe. S i &t>*S i (fcfMfctfF-*— LTflUH-T* 
C4:t«fc*^+'J70*»|*<J8:<, 'J-^mtffiftifOH 

Hts^a^, Sit, c ©gneaasa 2 ©as 6 «±sa 

n->*-^ii{kLrt5C,-r, (StfG aAslII 13131© 
4, S«^ffi©E]iStf'>ft^©T\ C©affitcxfc!* + 

-> * jvf&m l rzmssikm 3 « *s saw & < , m&am 3 

<QT*, #tSSffi3 0affit¥SK* , «fc<, £6lc£S© 

[0 0 3 2] L/ctfoT, *^<73*y>7j<{Cj;«aiD 
<0¥»f*SH«\ S i RtfS i it&toWFI—k LTflF 

n^-©SftJC«fc««ftt*{t*^^o ft*5, 
[0 0 3 3] 

BflfSo ft*, ttT-PKHTS^OHIBMJMaEO 



[0034] (i) mmmi 

tc , <k£^sS&Sfii©glEfc * > 7k(c «fc 5 SSSttJl 
fcffiLfc, Mli, GaAs^ftfr6fiK57>K-^ 

A : *!/>*«fO»ff • • • 1 0 p pm 

i&mmm- ■ ■ i» 

«©±K, MOCVDftSfflW;lt? + ->Y;l/«SlC 
±-)T. ^«M§S4l*5 0 o o A©fl>2©c a A 
sXlf^^f+ZH 0-XT, rGaAs^^77lJ t 

t,">fcflBS**X{±, TMG (h'J^f-M'JW) WA 
sH 3 T'2&3o COJgStfX^J&ffi-TSfcii)©;*- 

[0 0 3 5] ilOCaAsA'j7 7iOMf. iS^L 
T, MOC VDffi^ffl^fcX^^v-wU/SfitCcfcc) 
20 T, nSTttft* K-7"Lf*l 5 0 0 A<9JI£©C a 
A sxfcf#*->-wWf «T, r n -GaAsIj tl^ 

• J 7S5. C<Dn-G a A s/f©ffMtCfi, JM*4#X& 
tfiMRf Sfc4*>©* + 'J7;tfXlc, GaAs^777@ 

Tfi, S He (->*->v» £rfflf/co 
[0 0 3 6] (2) &ffi9J2 

&{*B : *VV**OjSH¥*yi/«« ■■■lOppra 

iasBSis • • • 5# 

[0037] c 3 ) ^asey i msmm z <ojt<s 
©^sii*ggKoi/->r, Si cs i (t^-HBt^sns s 

i t^C?) <Dm&tmmmiM^S I MS (Secondary Ion 
40 Mass Spectroscopy) T*##T"3"3 fcttlC, +-V'J7ii^[ 
^•C Vji (Capacitance Voltage Method) IC «t Tlfffi L 

[003 8] 02 st/ia 3 1±, fnf n^ss^ij 1 &r>* 2 

tfe«t* S i «gE4:ejRi«ac©»«flg«i:*+ V 7«* 

¥»f*i6HOaSffi ( n — G a A sIC® ^ 
GtO^ii^ (A) =gr*L, £«0!HKtb». S ilttil 
IS(atoms/cm ! )^iL, fiffllJCKWtt, 4=- 
+ 'J7jg^ (fi/cm 3 ) ^-r o ^tttt^C 1 

so i Rxsc 2 1 a^ti^timmm 1 Rt>* 2 <o s i iss&o^- 



(6) 
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wis*. C12MC22 aznenrnffim iM2« 

«JRi«fi©»tffS5**^L, ittiSSC 1 3MC23 

a^ti^nmmm i at; 2 u 7-«sow«tes 

(CVyn77-f;W ^jp-To 

[0 0 3 9] 0 2Rtf^3(C^-r«k-5tc, SIMSSJS 
7>F-^llttifikG a A s/<777 
Hiio^ffilc. s iWS Ht£rm^<Wl£L,-Ci5 

iSHt{fc**iTi^*cfc««to*»*. Sfc. Effigy 1 (0 

2) tm^m2 (i3) <ommmmftifi(D&mfr<b. * 

[00 4 0] ( 4 ) tbStflfl 1 

*ttmm 1 ©¥Wtt^gosi)giei±. s i &h'i—t 

5„ ■«■**) "6, #ifc«HJVl T-«, S i #K-*— kLTft 

sc £»;:,}: 3* -v 0 7<owm*m±-t&rctt><omm 

VfflSte) *fl3«^fc. CcDil^, Jaa^tLTfi, * 

*ttc : uv^-yysaiisfPai- ■ ■ 2 o# 

[0 0 41] (5) Jt«e>J2 

*it««i2<o¥s«*sai<osajfixe«:, si^F^-t 
ftftD : u v*v>mmmm - ■ ■ 1 o# 

[0 0 4 2] (6) tfc«0ij3 
JtttfllJ 3 ©^»f*SHOH3fixa«, S i h'-T- 1 L 
rftffl-r?>ci:ti:J;S*-v >J7(OWm&Wi±-?2>rzli>(D 

mmmmnm^m^r. susswiatf 24:1^1:1?**. 

[00 4 3] (7) ttK«>JlA^3i:, SfflWl^Z 
irOtbtS 

tfcKffu 1 *>p> 3 (cfeits s i mm. mmmm, rti*v 

fco Jt»0>J 1 e 3 RtfUSStfiJ 1 5> 2 cDgffi^e 7 * n 

[0 0 4 4] H4^5>EI6fi, J±$$#J 1 £ 3 tCfcttS 
S i «Si:SJIS«fiO#«TSS4:, *+U7iig(9fPffi 

1, C41 RtfC 5 1 tt^tl^tltb^JSA^P. 5©S i 
U #14fl^C 3 2. C4 2MC 

5 2 fi* 4i^nj±«e>J 3^65 ©sjnafiottwes* 
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fcJttfitSC 3 3, C 4 3SC/C 5 3 littl^'titt 
[0 0 4 5 ] m 4 fcijVrj: 5 fc. Jrb^fiRJ 1 T'fi. 7 V F 

-y^mm^mmtc a a s^^ritosisc. * 

JMO 1 fr5> 2 tlBJUIlc S i R.U S i <k"8*A^ < 

[0 0 4 6] @5tC7T^r£?tC, Jt«fi»J2T*tt7>K- 
10 7¥«S1£S«£G a A s/W7r«fcO!lffilC. S i 
MS i ft£«j#J±«E0lJ 1 t^t^<?fSLrv^„ 

*t'J70litfg6n5„ Ctltt. tfcBEP 1 KJt^fll 
HtfHtfJSi^fc*, S i&tfS Hfc^lfctf+tffclSftS 

[0047] 16 ts^r * a ic, tmm 3 t-«:7 y f- 

T'^SttSfekG a A s^7 7 7li;<OMIi:S i S. 
If S i fk^-WA^fflSfflJ 1 frb 2 fc|B|«K:£<fip«ELT^ 

*. Lfc^oT, ftffifPJ 1 frZ 2Rlfit%im 1 *6 2 

Jt««3i:OJ±«*»6» S i #Kf— tLTfffflT 
■5 C lc <£ 3 * -v U 7 *tt<DB5lt * i/VK cfc SSgft 

[0 0 4 8] LfrL&tf&s tt««l*«&2-p«, SI® 

^<Dkib. HMs^iJ 1^6 2 lcit$5LT. IS 4 &tf 0 5 Jc 

*f J: -5 K W^gESSa^^IfeSttJB^-^T-U) 5 „ - . , 

"[O^T?] ~S /cTlbKP lfrB2m Sffi^7 * n ^ 

30 i/'-tfsftLti/^. 0 7«, mmm l^zt j±««ij 

l A^6.3t;:t5it«^X (ppm) ©id^H^-Tia 

rSurfscan6200J ^^fflbfeo 0 6 fC^f <k 3 J:bf5 
(?U 1 ^6 2 T:lZ*mW%iW<Di&mc^ XtfZ < . 
(*gl©SI-t7tn^-*HftLTl/^ 0 Ctlt±. HU 
a<(0<fe ^ (c U V ^ WSPITii. SfeSffiOK<kM^# 
L<H<ftSfc46T*fcS„ C(DffiA^5 0 p pmJ-XT. ^ 
6fc»SL<(i 1 0 p pmJ-XTT-feSirSSOT'diR^ 

fen, B^iSBffifflfcjas-rso cnic^b, sifig^Ji 

itilf, SiS^^^n^-A^fkL^i,^ tA^A^So 
[0 0 5 0] fct±, *^0^«BJ15ffi t co^ri¥ffltUJ 
WLfc/C, *RM{i±SEbfc«fc^ft^SISOJBJI|k:l5SS 

CBSf. G a A s ffc*riM^©{fca**»6j«*iNH 
fttiitfln PitSWl^mte, C d T efk-&1%*ai 



(7) 



&ffl 2001-189278 



[0 0 5 1 ] -Sfc, ±JBLfcJMMMBKi3^Tti, Tifc 
It LT, G a A s{k^fr6/££xi??*->*;Wf€: 

m^&^ic^Tmmhtzft. g a a s itsmm-n 

fk^W^ 6 0»Utf I n P ffc^»¥Wfl\ c 
d T eft£»¥»ttfr6J«Sxe**-> + /U»K»L 

[0 0 5 2] ±aLfc*«5JB!Bti:*5l/^r 

/HtLT, Ga A s{fc^W;fr6J«*xfcr**-> + ;WI io 
fcffll^SlS^KO^TSHELfc**. G a AsUftM 
«Ofk^«l*^rii**flMt, fz£.A {f I nP{fc£#/¥# 
(*, C d T eft^«W<**6)S5xtf ^ + ->t;H% 

[0 0 5 3] *¥£Wlt. MESFET, H 

EMTWW-0¥«t*:ilEBKtaffl-r4C:fc3yT-#«t« 

[0 0 5 4] 

/■cDWffitc^TiT £ SiMS i it€ity}(DS i #K:J— 
®*7*n^-#JIfk^&C£:&<L Lrfrfc, ¥agf*S 

[0 0 5 5] 3 *SW<0*3«*«ll&tf{k^«B* 

tf, *swosffiffls;fi&-e*gttfk2nT^*©-c, 

tf&K, fro, ilt7* P->-tfHtLft^OT', * 
+ >J 7flRtfSi*7 * o^-Oiitt «fc*»tt*<k 

[0 1 ] *!?W«i:«k*¥tllfl^tll<0«^«iC»rffiH-ea6 
0, (a) tt{k£ft^fl«K*/Hl/>Tje/8Lfcfc<0, 
(b) ttC a A sik^ftOxt: **5/*;Wl*jKS;£-fr «o 
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[02] *»W(c<t*Sffi«La^i*0*ESSff>Ji Kfctts 

[04] msi&w.Ji#<oittttm i (cfctts s i m&tm 

[05] SffiJaS^ffi«OJt«fflJ2C*5^*S i 7ggEfcg? 
0T'^So 

[06] gffiffigfiffi©JttSHM3»;:*5tt4S i rfiltfcg? 

0T*$)So 

[0 7 ] ^vnvmmm \t,^z ttmm i a* 6 3 
# x*o«ij^*gs^^-r 0T-$» So 

[?^^<D|ftBfl] 

1 G a A s *i(*7V K-y¥*6»tt«« 

2 fgSSailJf 

3 G a A s(t&»6lS5xif^ + ^t/H 

4 £^c£!&cDxt!**->^UJl 

5 mmatyc^rStt&ttfio s i Ms \ it-tVn 

6 xtr**->+;i/*t(t»r*aii 

7 Ga A sft^£t£**-> + ;Wi*fi!£ftLfcTilWl 
C 1 l H«B{fij i co S i it&OtfflfSSJH 

C 1 2 Xtfeffll 1 OK3RBfiO»#f«* 

c i 3 mmm io**y r iijgcDp«sii 

C 2 1 SUSSffV 2 CO S i jB&tDfl-flrlSS 
C 2 2 £«E0J 2 ©KJK«&©##r*S* 

c 2 3 sga&ffli 2 cd^* y rigjgcoi?fffi*g^ 
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